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Abstract
The mechanism and the producing condition of instability in low velocity of hydraulic motors were
analyzed based on dynamic model and test． Nonlinear coupled force combined with hydraulic spring and
self-excited vibration was thought to be the key factor that could affect instability in low angular velocity．
The results indicated that the low speed creeping characteristics of hydraulic motor could be affected by
friction torque，leakage and compressibility of oil and liquid． The test showed that the fluctuation was the
negative characteristics of friction in the self-excited vibration conditions． Some measures were proposed
to improve the low speed stability of hydraulic motors．
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Fig． 1 Physical model of the negative
characteristics of friction
































周期性 波 动，这 也 会 造 成 液 压 马 达 转 速 的 波 动。
液压马达的泄漏量随转子转动的相位角度变化作





























































































Fig． 3 Mechanical model of hydraulic motor
由于从动件滑动摩擦状态的转换，摩擦因数 f





Fig． 4 Stribeck curve
从图 4 中可见，进入混合摩擦后，vη /N 的改变
将引起 f 的急剧变化，并大体呈线性关系。假设 BC
段的斜率为 λ，则
f = fg － λ
vη
N ( 8)








+ Gθ = G( ωt + θ1 ) － T = Gωt + ΔT ( 9)
其中 G = G1 + G2

























因为 ξ 足够小，所以 ξ2 = 0。




= 0，ξ2 = 0，则
A1 =
ω










相应的特解: θ2 = S1 t + S2，其中，S1、S2 为待定
系数。
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)GJ sin( ωn t ]) ＞ 0 ( 14)









= 2 π槡 ξ。
图 5 液压试验台原理图































































用驱动 Staff055 定量马达［9］。Staff055 定量马达基
本参数如下: 排量 D = 8. 0 mL /rad，工作容积Vt =
5 500 mL，泄漏系数 C1 = 0. 11 mL·s /kg，液体体积压
缩系数 βc = 1 /βe = 1. 43 × 10
－4 mL /kg，粘性阻尼系
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时，扭矩损失 ΔT 快速增加，产生突变现象。图 6 给
出了不同油温下的 ΔT 拟合曲线。
图 6 不同油温下液压马达扭矩损失试验拟合曲线
Fig． 6 Experimental fitting curves of torque








Fig． 7 Characteristic curves of low speed




















Fig． 8 Time-domain waveform curves
图 9 傅里叶变换功率谱图
Fig． 9 Power spectrum of Fouier transform
图 10 时频特征图
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